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AERODYNAMIC AND DIRECTIONAL ACOUSTIC PERFORMANCE 


OF A SCOOP INLET 

by John M. Abbott and Donald A. Dietrich 
Lewis Research Center 

SUMMARY 

A series of tests was conducted to determine the aerodynamic and directional 
acoustic performance of a scoop inlet. The scoop inlet is designed with a portion of 
the lower cowling extended forward to direct upward any noise that is propagating out 
the front of the engine toward the ground. 

The tests were conducted in the Lewis anechoic wind- tunnel facility at free- stream 
velocities of 0, 18, 41, and 61 meters per second and angles of attack from -10° to 
120°. The inlet throat Mach number was varied from 0. 30 to 0. 75. 

Aerodynamically, at a free- stream velocity of 41 meters per second, the design 
throat Mach number (0. 63), and an angle of attack of 50°, the scoop inlet total- 
pressure recovery was 0. 989 and the total-pressure distortion was 0. 15. The angles 
of attack where flow separation occurred with the scoop inlet were higher than those 
for a conventional symmetric inlet. 

Acoustically, the scoop inlet provided a maximum noise reduction of 12 to 15 deci- 
bels below the inlet over the entire range of throat Mach number and angle of attack at 
a free- stream velocity of 4 1 meters per second. 


INTRODUCTION 

Inlet- radiated fan noise has traditionally been reduced by using one of two sup- 
pression techniques: (1) surface acoustical treatment with or without inlet duct split- 
ters (ref. 1), and (2) sonic inlets (refs. 2 and 3). Both methods, however, have cer- 
tain disadvantages. For example, significantly reducing noise with surface acoustical 
treatment may require considerable increases in inlet length (for more treated area), 
with corresponding increases in weight, total-pressure loss, and ultimately airplane 
operating cost. Inlet splitters cause additional performance losses and are generally 



disliked by aircraft engine users. The main disadvantage of the sonic inlet is the com- 
plicated variable geometry required to provide sonic flow in the inlet throat at both 
takeoff and approach engine flow settings. 

A different approach to the problem of reducing inlet noise is not to suppress the 
inlet- radiated noise but to change the directivity of the propagating noise, that is, di- 
rect upward the noise that normally would be propagating toward the ground. This re- 
direction technique has been explored extensively in regard to shielding engine rear 
noise from the ground by using an over-the-wing engine installation. Here the upper 
surface of the aircraft wing serves to direct the rear noise upward (ref. 4). In a simi- 
lar manner, an inlet with a portion of the lower cowling extended forward, that is, a 
scoop inlet, can serve to direct upward any noise that would normally propagate out the 
front of the engine toward the ground. In the case of a scoop inlet, the noise redirec- 
tion is due to a combination of upward reflection from the extended lower lip and up- 
ward refraction from the inflow velocity gradients generated within the scoop inlet duct. 
The aeroacoustic performance of such a scoop inlet is the subject of the experimental 
results reported herein. 

The potential advantage of the scoop inlet over the sonic inlet is obvious - a 
variable- geometry system is not required. The passive scoop inlet would work equally 
well at takeoff and approach engine flow settings. Compared with the treated inlet, it 
should be possible to attain the same noise reduction with the shorter, lighter, and 
structurally simpler scoop inlet. The asymmetric shape of the scoop inlet, however, 
makes the aerodynamic design of the inlet more difficult than for a conventional axi- 
symmetric inlet. This is particularly true for the cruise condition, where the external 
forebody of the inlet needs to be designed to accommodate an asymmetric flow spillage. 

The investigation described herein was conducted to determine the low- speed 
(takeoff and approach) aerodynamic and directional acoustic performance of such a 
scoop inlet. The 30. 4 8- centimeter- diffuser- exit- diameter scoop inlet was tested in 
the Lewis anechoic wind tunnel facility along with a baseline, or conventional, inlet. 
Data were taken at free- stream velocities of 0, 18, 41, and 61 meters per second; 
angles of attack from -10° to 120°; and throat Mach numbers of 0. 3, 0. 54, 0. 63 
(design), 0.70, and 0.75. 


SYMBOLS 

a ellipse semimajor axis of internal lip (fig. 3) 

b ellipse semiminor axis of internal lip (fig. 3) 

D diameter 
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Dftiax inlet total-pressure distortion parameter, (Maximum total pressure) - 
(Minimum total pressure)/ (Average total pressure) 

l/3- octave filter center frequency 

f siren frequency 

H passage height at diffuser exit (fig. 3) 

h radial distance from tip at diffuser exit (fig. 3) 

L length 

M Mach number 

P total pressure 

p static pressure 

ASPL sound pressure level reduction, (Baseline inlet sound pressure level) - 
(Scoop inlet sound pressure level), at same conditions of free- stream 
velocity, angle of attack, and throat Mach number 

V velocity 

X external forebody length (fig. 3) 

x axial distance from inlet highlight (fig. 3) 

Y external forebody thickness (fig. 3) 

y radial distance from inlet highlight (fig. 3) 

a angle of attack, deg 

/3 microphone orientation angle, deg 

A maximum diffuser wall angle (fig. 3), deg 

X external forebody length (fig. 3) 

ip inlet circumferential position (fig. 3), deg 

Subscripts: 
av average 

c centerbody 

d diffuser 

e diffuser exit 

hi inlet highlight 


max 


maximum 



s inlet surface 

sep flow separation 

t inlet throat 

0 free stream 

1 rake measuring station (simulated fan face) 


APPARATUS 
Test Installation 

The tests were conducted in the Lewis 2. 74- by 4. 58- meter ( 9 - by 15- ft) anechoic 
wind tunnel facility (ref. 5). A vacuum system was used in place of a fan or compres- 
sor to induce inlet flow. A schematic view of the test installation and facility is shown 
in figure 1. 

A venturi, calibrated in place against a standard AS ME bellmouth whose flow mea- 
surement had been corrected for boundary layer growth, was used to measure inlet 
airflow. The scatter in the airflow calibration data was approximately ±0. 2 percent at 
a nominal weight flow of 11. 68 kilograms per second. Inlet airflow was remotely var- 
ied by using two butterfly valves arranged to give both coarse and fine adjustment. In- 
let angle of attack was remotely varied by a turntable on which the test apparatus was 
mounted. 

To determine the acoustic properties of the test inlets with the vacuum flow sys- 
tem, a siren was installed in the flow duct downstream of the inlet. The siren was a 
13. 97- centimeter- diameter, single-stage fan modified by the addition of struts and a 
screen just upstream of the rotor to increase its noise level. The siren was located 
approximately three inlet diameters downstream of the simulated fan face (fig. 1). 

Directional noise measurements were made by using a microphone located 1. 22 
meters in front of the inlet face. The microphone was remotely rotated about a pivot 
point at the inlet face, allowing noise data to be taken in the flyover plane at various 
angles relative to the inlet centerline. The anechoic character of the wind tunnel, 
along with more details of the acoustic measurement system, is described in refer- 
ences 6 to 8. 

The model as it appeared in the wind-tunnel test section is shown in figure 2. 
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Inlet Design 


The major variables defining the geometry of the baseline (symmetric) inlet and 
the scoop inlet are shown in figure 3, Both inlets had a diffuser- exit diameter D of 
30.48 centimeters with a design throat Mach number of 0. 63. Nearly all the geometric 
design parameters were the same for both inlets and are listed in table I. The main 
difference between the two inlets, of course, was that the inlet length L was dependent 
on circumferential location ip for the scoop inlet and was constant for the baseline in- 
let. The circumferential variation of length for the scoop inlet provided for the upward 
redirection of the inlet- radiated noise (through a combination of reflection and refrac- 
tion) and is given in table n. Note that from circumferential positions ip of 113. 64° 
to 246. 36°, the inlet length was constant (L/D of 0. 716) and equal to that of the base- 
line inlet. Closer to the lower lip of the scoop inlet, the length became greater, 
through a lengthening of the inlet throat section, to a maximum L/D of 1. 295. 

As indicated in table I, the internal lip design was a 2-to-l ellipse with a relatively 
high area- contraction ratio of 1 . 44 for good high- angle- of- attack performance in a 
short- takeoff- and- landing (STOL) aircraft application. The external forebody design 
for both inlets was selected for a cruise Mach number of 0. 76 by using design charts 
for symmetric inlets. This design would be expected to work quite well at cruise with 
the symmetric baseline inlet. However, the scoop inlet, with its asymmetric spillage 
properties at cruise, may require a different external forebody design. 

The inlet diffuser was a cubic shape with an equivalent conical half- angle of 1. 33°, 
a maximum wall angle of 8. 37°, and a ratio of diffuser length to diffuser- exit diameter 
L^/Dg of 0. 538. The diffuser was axisymmetric and was, in fact, the same piece of 
hardware for both inlets (the lips were removable). The centerbody diameter was 0. 4 
of the diffuser- exit diameter and was a 2-to-l ellipse shape. 


Instrumentation and Data Reduction 

Ae rodynamic data . - The instrumentation used to determine the aerodynamic per- 
formance of the inlets is shown in figure 4. A total of 85 internal surface static- 
pressure measurements were made with the scoop inlet and 69 with the baseline inlet. 
Section A-A of figure 4 shows the total-pressure rakes and static-pressure taps located 
at the rake measuring plane. Rake plane total- pres sure measurements were made by 
using both hub and tip boundary- layer rakes as well as total-pressure rakes spanning 
the entire annulus. Eight full- span, total- pressure rakes were used with six equal- 
area-weighted tubes per rake. The hub and tip boundary- layer rakes each contained 
five total-pressure tubes. 
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kilet total- pressure recovery &v /Pq was computed from all measured total 
pressures, including those from boundary- layer rakes, with the appropriate area- 
weighting terms. However, in computing inlet total-pressure distortion D max , 
boundary- layer measurements taken closer to the wall than the nearest tube on the six- 
element, equal- area- weighted rakes were omitted. Using these rakes as a reference 
resulted in excluding measurements closer to the wall than 9. 3 percent of the annulus 
area. 

Inlet throat Mach number was computed from the inlet flow measured by the 
venturi, with a correction for the high-pressure air required to drive the siren. The 
throat Mach number used as a parameter in presenting the data was computed from the 
measured weight flow and the inlet geometric throat area, assuming uniform flow. 

Acoustic data . - Directional noise measurements were made with a microphone 
located 1. 22 meters in front of the inlet face. The microphone was remotely rotated 
about a pivot point at the inlet face, allowing noise data to be taken in the flyover plane 
at various angles relative to the inlet centerline. An on-line graphic display of noise 
levels provided a continuous trace of l/3- octave sound pressure level versus micro- 
phone orientation angle /3 as the microphone rotated. Any l/3- octave center fre- 
quency could be selected for the trace. In addition, the microphone was positioned at 
fixed values of /3, where magnetic tape data were recorded for later l/3- octave spec- 
tral analysis. The noise data acquisition system in the Lewis anechoic wind tunnel is 
described in reference 8. 

Test Procedure 

The two inlets were tested at free-stream velocities of 0, 18, 41, and 61 meters 
per second and at angles of attack from -10° to 120°. Inlet airflow was varied to cover 
a range of throat Mach number from 0. 31 to 0. 75. 

At the 18- meter- per- second free-stream velocity, tests were conducted with the 
scoop inlet at an angle of attack of 90° to simulate crosswinds during engine startup 
and ground taxi. (The inlet was rotated 90° about its axis to obtain the proper orienta- 
tion. ) 

Data were obtained on line to determine the angle of attack where inlet flow sepa- 
ration occurred. This was done by monitoring a lip surface static pressure and a 
diffuser- exit total pressure, both on the windward side, as the angle of attack was in- 
creased from 0° to 120°. This method has been used successfully in the past and is 
detailed in reference 9. 

Aerodynamic testing and acoustic testing were done separately. During the aero- 
dynamic tests, the noise siren was not used. During the acoustic tests, the inlet 
weight flow was set at the desired value, the siren speed was adjusted to sot the blade 
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passing frequency at 9600 hertz, and the acoustic data were taken. 

The standard test procedure was to set the free- stream velocity and inlet weight 
flow, and to record data at discrete angles of attack. Weight flow was then changed 
and data were taken again at the same discrete angles of attack. Finally, free- stream 
velocity was changed and the procedure was repeated over the weight- flow and angle- 
of- attack range. 


RESULTS AND DISCUSSION 
Aerodynamic Performance 

Basic performance . - The basic aerodynamic performance of the scoop and base- 
line inlets is shown in figure 5 in terms of total- pres sure recovery and distortion ver- 
sus throat Mach number. In figure 5(a), static performance is shown and indicates 
lower recoveries and higher distortions for the scoop inlet as compared with the base- 
line inlet over the entire range of throat Mach number. At the design throat Mach 
number of 0. 63, the recovery and distortion were 0. 985 and 0. 15 for the scoop inlet 
and 0. 025 for the baseline inlet. The reason for the lower level of aerodynamic per- 
formance for the scoop inlet becomes apparent in a later discussion of the distributions 
of the total pressure at the diffuser exit and the surface static pressure distributions. 

At a free- stream velocity of 41 meters per second and an angle of attack of 0° 

(fig. 5(b)), the aerodynamic performance of the scoop inlet improved considerably over 
what it was at static conditions although it was still slightly lower than the baseline in- 
let performance. For example, at a throat Mach number of 0. 63, the recovery and 
distortion were 0. 992 and 0. 045 for the scoop inlet and 0. 994 and 0. 006 for the baseline 
inlet. Reasons for this improved performance again become apparent in a later more- 
detailed discussion. 

Figure 5(b) also shows inlet performance at an angle of attack of 50°. (The angle 
of attack considered to be the maximum encountered by an inlet in a STOL aircraft in- 
stallation. ) The relative ranking of the two inlets remains the same. At the design 
throat Mach number of 0. 63, the scoop inlet recovery was 0. 989 and the distortion was 
0. 15. The values for the baseline inlet were 0. 993 and 0. 04, respectively. 

In figure 5(c) is shown the aerodynamic performance of the two inlets at a free- 
stream velocity of 61 meters per second and angles of attack of 0° and 50°. At 0° 
angle of attack, the performance of the two inlets was nearly identical to a throat Mach 
number between 0. 63 and 0. 72, where the recovery dropped and the distortion in- 
creased for the scoop inlet. Perhaps the most striking feature of figure 5(c), however, 
is that at a 50° angle of attack and throat Mach numbers either side of 0. 54, flow sepa- 
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ration had occurred for the baseline inlet (as evident from the very low recoveries and 
high distortions) but had not occurred for the scoop inlet. It is shown in a later figure 
that over the full range of test conditions, the angle of attack where flow separation 
occurs was significantly higher for the scoop inlet than for the baseline inlet. 

Distribution of total pressure i n tip boundary la yer . - Presented in figure 6 is the 
distribution of the total pressure in the tip boundary layer at four circumferential posi- 
tions at the inlet diffuser exit for the scoop and baseline inlets at a throat Mach number 
of 0. 63 (design). At static conditions (fig. 6(a)), it is apparent that the lower recover- 
ies and higher distortions noted for the scoop inlet in figure 5(a) were a result of total- 
pressure losses occurring primarily at circumferential positions ip of 112. 5° and 
157. 5°. This is a result of higher inlet surface velocities over this circumferential 
extent of the scoop inlet caused by its tendency to draw more of its airflow from above. 
The surface static- pres sure distributions to be discussed in the next section verify 
this. 

The already noted improvement in scoop inlet recovery and distortion with free- 
stream velocity is evident from the tip boundary- layer distributions in figure 6(b) at a 
free- stream velocity of 41 meters per second and an angle of attack of 0°. The effect 
of the free- stream velocity was to more evenly distribute the flow coming in over the 
upper and lower portions of the inlet, thus reducing the losses in the upper portion. 

At 50° angle of attack (fig. 6(c)), the tip boundary layer again illustrates the lower 
recovery and higher distortion for the scoop inlet, especially at ip = 112. 5°. At 75° 
angle of attack (fig. 6(d)), the flow had completely separated from the lower lip of the 
baseline inlet, as indicated by the boundary- layer, total- pres sure distribution at ip - 
22. 5°, while the flow was still attached to the lower lip of the scoop. 

At ip = 112. 5° a rather unusual total-pressure distribution is evident for the scoop 
inlet, with total pressure first decreasing and then increasing as distance from the 
surface increased. In fact, in figures 6(a) and (c), the total-pressure distribution at 
this same circumferential position is also different from what would be expected for a 
thickened boundary layer or a flow separation. It is possible that this type of total- 
pressure distribution is due to a vortex that has formed in the "comer" of the scoop- 
side profile and is propagating back through the inlet. Because of the flow angularity 
resulting from the spinning vortex flow and the mean axial flow, the total-pressure 
probes would tend to indicate lower total pressures. (Probes of this type are typically 
insensitive to flow angles to about ±20°. ) And if the vortex were lifted off the inlet sur- 
face far enough, one would expect to see the type of total-pressure distribution shown 
in figure 6(d) at ip = 112. 5°. Here the vortex core, where the flow angle would be 
most different from axial, was apparently off the surface at a fraction of the passage 
height h/H of about 0. 12, where the indicated total- pres sure loss was greatest. Note 
that away from this location, either closer to or farther from the surface, the total 
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pressure increased, indicating a return of the flow angle closer to axial, as would be 
expected when moving outward from the core of a vortex. This same phenomenon has 
been noted in total-pressure measurements made in studies of inlet ground vortices 
during reverse-thrust operation, as reported in reference 10. 

In summary, the tip boundary-layer, total-pressure distributions have indicated 
that higher total-pressure losses tend to occur over the upper portion of the scoop in- 
let, where a larger percentage of the inflow occurs. The presence of free- stream ve- 
locity tends to moderate this effect. There is also evidence of vortices being formed 
in the "comers" of the scoop side profile, resulting in indicated values of total pres- 
sure at the diffuser exit that may be lower than those actually existing. This may 
mean that the indicated values of recovery are slightly too low and the values of distor- 
tion slightly too high for the scoop. But then the vortex itself is another kind of distor- 
tion that must be recognized. It is possible that a modification of the side contour (to 
decrease the sharpness of the "corner") may eliminate or reduce the severeness of 
the vortices. 

Surfac e pressure distributions . - Shown in figure 7 is the axial distribution of 
static pressure in the baseline inlet at ip = 0° and in the scoop inlet at ip of 0°, 90° 
(diffuser only), 100° (lip only), and 180°. The data are plotted as the ratio of surface 
static pressure to free- stream total pressure versus axial distance as measured down- 
stream of the scoop highlight at ip = 0°. At static conditions (fig. 7(a)), the higher 
surface velocities over the upper portion of the scoop inlet are evident from the low 
values of static pressure at ip of 100° and 180°, which correspond to supersonic sur- 
face Mach numbers to about 1. 35. Note that the flow velocities over the lower extended 
lip of the scoop (ip = 0°) are by comparison quite small. The higher surface velocities 
over the upper portion of the scoop are what account for the lower recovery and higher 
distortion of the scoop at static conditions. 

As can be seen in figure 7(b), a free- stream velocity of 41 meters per second at 
an angle of attack of 0° tended to redistribute the incoming flow in the scoop by lowering 
the velocities on the upper portion of the inlet and just slightly increasing them on the 
lower portion. In going from static conditions to a free- stream velocity of 41 meters 
per second, the minimum surface pressure ratio (maximum velocity) at ip = 100° in- 
creased (velocity decreased) from 0. 335 to 0.490. This accounts for the improved 
levels of recovery and distortion resulting from free- stream velocity. 

Increasing the angle of attack to 50° (fig. 7(c)) resulted in a large decrease in sur- 
face static pressure (increase in surface Mach number to about 1. 43) on the lower lip 
(ip = 0°) of the baseline inlet, while the lower lip of the scoop inlet has very modest 
surface velocities. It appears that the ip = 100° position (near the "comer") is the 
most critical region in terms of high surface velocities with the scoop inlet as angle of 
attack is increased. Also, with the scoop inlet there was no evidence in the surface 
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pressure distribution of any flow separation. This tends to support the conjecture that 
the indicated tip boundary- layer, total- pressure distribution at ip -112. 5° in figure 6(c) 
was due to the presence of a vortex. 

At 75° angle of attack (fig. 7(d)), the flow separation with the baseline inlet is evi- 
dent from the flat axial distribution of static pressure. There still appears to be no 
evidence of flow separation from the scoop at any circumferential position. The static 
pressure on the lower lip at the highlight had dropped considerably, but the lowest 
value of static pressure still occurred at ip = 100°. 

The variation in the amount of flow that is entering the scoop at different circum- 
ferential positions is indicated by the circumferential variation in surface static pres- 
sure at the inlet highlight for the scoop and baseline inlets, as shown in figure 8. At 
a free- stream velocity of 41 meters per second, an angle of attack of 0°, and a throat 
Mach number of 0. 63, the static-pressure distribution around the highlight of the base- 
line inlet was almost flat. This indicates uniform inflow around the circumference. 
However, the distribution for the scoop inlet indicates relatively low amounts of inflow 
from ip of 0° to 60° with a transition to relatively high amounts of inflow from tp of 
100° to 180°. The conclusion is that the scoop inlet tends to pull its airflow from 
above. At 50° angle of attack (fig. 8(b)), the lower lip of the baseline inlet, tp = 0°, 
had very high surface velocities and the upper lip, ip = 180°, very low. On the other 
hand, the surface velocities at the highlight over the lower lip of the scoop were not 
nearly as high as the baseline. However, note that, at ip = 100° on the scoop, the 
surface velocity is approaching that of the lower lip of the baseline inlet. This points 
out again that the "comer" in the side contour of this scoop inlet design may be the 
most critical area and that an improvement in its design may well result in significant 
aerodynamic performance improvements. 

Flow separation bounds . - The flow separation bounds for the scoop and baseline 
inlets are given in figure 9. As previously noted, these bounds were obtained by moni- 
toring a lip static pressure and a diffuser- exit total pressure on the windward side of 
the inlet as the angle of attack was steadily increased (the method is detailed in ref. 9). 
The data are plotted as the angle of attack where flow separation occurred versus 
throat Mach number at free- stream velocities of 41 and 61 meters per second. Below 
the bound the flow was attached; above the bound, it was separated at the lip. At 
41 meters per second (fig. 9(a)), the separation bound for the scoop inlet was from 7° 
to 15° higher than that for the baseline inlet. At the design throat Mach number of 
0. 63, the flow separation angle for the baseline inlet was 71° and that for the scoop 
inlet was 84°. At a free- stream velocity of 61 meters per second (fig. 9(b)), the same 
trend is evident, with the spread in flow separation angle being between 5° and 10°. 

To reiterate, the higher flow separation angles attainable with the scoop inlet are 
a result of the natural tendency of the incoming flow to be drawn from above, thus re- 
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ducing fee surface velocities on the critical lower lip. And again, the critical region 
with this particular scoop inlet may be the side "corner, " which, if made less severe, 
could result in even higher flow separation angles. 

90 ° Crosswind performance . - The aerodynamic performance of the scoop inlet in 
a 90°, 18- meter- per- second (35-knot) crosswind is shown in figure 10 at the design 
throat Mach number of 0. 63. The results were similar over the full throat Mach num- 
ber range. The distribution of total pressure at the inlet diffuser exit (fig. 10(a)) indi- 
cates a poor level of scoop performance in a 90° crosswind. The initial suspicion 
might be that the flow had separated from the side of the inlet. However, the axial 
surface static-pressure distributions of figure 10(b) do not indicate the presence of any 
flow separation at circumferential angles of 0°, 45°, 60°, 90°, or 100°. What prob- 
ably happened was that a vortex formed in the ' ' corner" of the side profile, resulting 
in the indicated low total pressures because of excessive flow angularity into the total- 
pressure probes. A modified side contour may eliminate or reduce the severeness of 
this vortex. 


Acoustic Performance 

Compariso n of scoop and baseline inlets . - Shown in figure 11 are typical on-line 
directional noise traces obtained by rotating the microphone through an orientation 
angle (3 from -110° to +110°. (Negative angles are below the inlets; positive angles 
above. ) Traces are shown for the scoop and baseline inlets at a free-stream velocity 
of 41 meters per second, an angle of attack of 0°, and the design throat Mach number 
of 0. 63. The siren speed was adjusted so that the blade passing frequency was 9600 
hertz. The acoustic traces for the two inlets represent the sound pressure level in the 
8000- hertz- center-frequency, 1/3- octave band. A third trace, at the same frequency, 
is shown in the figure and represents the background level in the anechoic wind tunnel 
obtained at a free-stream velocity of 41 meters per second with the siren turned off 
and no flow through the inlet. 

Traces were also taken in the 10 000-hertz, 1/3- octave band containing the siren 
blade passing tone. The conclusions made regarding the 8000-hertz data also apply to 
the 10 000- hertz data. The traces taken in the 10 000-hertz, 1/3- octave band, however, 
generally had a wider variation in sound pressure level at a given microphone orienta- 
tion angle than had the 8000-hertz data, suggesting a time unsteadiness in the siren 
blade passing tone. 

The data of figure 11 show that the scoop inlet indeed reduced the amount of noise 
that would normally propagate toward the ground, as indicated by a comparison with 
the noise levels for the baseline inlet at negative values of /3. The amount of noise 
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reduction relative to the baseline inlet, designated as AS PL in the figure, was a max- 
imum of about 15 decibels at a microphone orientation angle of -80° and was still about 
5 decibels along the inlet centerline (J3 = 0°) . Even for positive /5 (above the inlet), the 
sound pressure level of the scoop inlet was lower than that of the baseline inlet. This 
somewhat surprising effect at positive /3 was probably the result of high flow Mach 
number suppression in the upper portion of the inlet duct as a result of the incoming 
flow asymmetry (refer to the discussion of fig. 8(a)). The high Mach number suppres- 
sion principle is discussed in detail in reference 3. 

Figure 12 shows the entire l/3- octave spectra for the scoop and baseline inlets 
and the background noise at a fixed microphone orientation angle of -60°. All the test 
conditions are identical to those in figure 11. The spectra indicate that the scoop inlet 
provided a substantial level of noise reduction, AS PL, over the range of frequency 
where the background noise level is not an interfering factor (>2000 Hz). Noise reduc- 
tions ranged from 8 decibels at 2000 hertz to 12. 5 decibels at 20 000 hertz. 

Effect of throat Mach number . - Figure 13 shows the effect of inlet throat Mach 
number on the noise reduction ASPL of the scoop inlet as a function of microphone 
orientation angle at a free- stream velocity of 41 meters per second and an angle of 
attack of 0°. The ASPL at each microphone orientation angle was obtained by sub- 
tracting the noise level of the scoop inlet from that of the baseline inlet with both inlets 
operating at the exact same conditions of free- stream velocity, throat Mach number, 
angle of attack, and siren speed. The data indicate that over the range of throat Mach 
number from 0. 31 to 0. 70, the scoop inlet effectively reduced noise below the inlet, 
with maximum noise reductions of the order of 15 decibels. No systematic effect of 
throat Mach number was apparent below the inlet (negative j3); however, there was a 
systematic increase in noise reduction above the inlet with increasing Mach number. 
This again resulted from the progressive effect of the increasing high Mach number 
suppression in the upper portion of the scoop inlet, which is due to the flow asymmetry 
in the inlet duct. Recall from figure 7 that local surface velocities were supersonic. 

Effect of angle of attack . - The effect of angle of attack on the noise reduction 
directivity of the scoop inlet relative to the baseline inlet is shown in figure 14 for 
angles of attack of 0°, 15°, and 30° at a free- stream velocity of 41 meters per second 
and the design throat Mach number of 0. 63. The data for angles of attack of 0° and 
15° were nearly the same. At a 30° angle of attack, there appeared to be a slight de- 
crease in the amount of noise reduction provided by the scoop inlet over the full range 
of microphone orientation angle. However, it was at most a 4- decibel loss in noise 
reduction, relative to the 0° angle of attack data at a microphone orientation angle of 
-90°; more typically, it was of the order of 1 to 2 decibels over most of the range of 
microphone orientation angle. 

The effect of angle of attack on the baseline inlet sound pressure level is shown in 


figure 15. The data indicate a progressive increase in noise level below the inlet and 
a "decrease in level above the inlet as angle of attack was increased. This effect was 
probably the result of a downward (negative /3) refraction of the inlet- radiated noise 
due to the velocity gradients generated within the inlet duct at angle of attack. Similar 
results are reported in reference 8. These same results were found with the scoop 
inlet and were even more pronounced at an angle of attack of 30°, as indicated by the 
drop in scoop inlet noise reduction shown in figure 14. 


SUMMARY OF RESULTS 

Wind tunnel tests were conducted to determine the aerodynamic and acoustic per- 
formance of a scoop inlet. Compared with an axisymmetric baseline inlet, the scoop 
inlet generated higher velocities in the vicinity of the upper lip and lower velocities 
about the lower lip. This accounts for most of the following results: 

1. At static conditions and the design throat Mach number (0. 63), the scoop inlet 
had a total-pressure recovery of 0. 985 and a distortion of 0. 15, as compared with re- 
spective values of 0. 993 and 0. 025 for the baseline inlet. 

2. The aerodynamic performance of the scoop inlet improved considerably with 
increasing free- stream velocity. At a free- stream velocity of 41 meters per second, 
the design throat Mach number of 0. 63, and an angle of attack of 0°, the inlet recovery 
was 0. 992 and the distortion was 0. 045. Increasing the angle of attack to 50° at these 
same flow conditions resulted in a recovery of 0. 989 and a distortion of 0. 15. 

3. The flow- separation angles of attack for the scoop inlet were higher than those 
for the baseline inlet. For example, at a free- stream velocity of 41 meters per sec- 
ond and the design throat Mach number of 0. 63, internal flow separation occurred at 
angles of attack of 71° for the baseline inlet and 84° for the scoop inlet. 

4. At many of the conditions tested, there appeared to be a tendency for vortices 
to form in the "corners" of the scoop side profile. This was most evident in an 18- 
meter- per- second, 90° crosswind. An appropriate modification to reduce the severe- 
ness of the "corner" may eliminate the problem. 

5. Acoustically, the scoop inlet provided a maximum noise reduction of 12 to 

15 decibels below the inlet over the entire range of throat Mach number (0. 31 to 0. 70) 
and angle of attack (0° to 30°) at a free- stream velocity of 41 meters per second. The 
noise reduction occurred from 2000 to 20 000 hertz. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, May 5, 1977, 

511-54. 
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TABLE I. - INLET GEOMETRIC PARAMETERS 


Internal lip 


Contraction ratio, (D^/D^ 2 1.44 

Surface contour Ellipse 

Proportions, a/b 2.0 


External forebody 


Diameter ratio, 0. 85 

Ratio of length to maximum diameter, X/D 0. 40 

max 

Surface contour DAC-1 

Proportions, X/Y 5. 33 


Diffuser 


Ratio of exit flow area to inlet flow area, 

( D e- D c)/ D ? i- 048 

Ratio of diffuser length to exit diameter, L d /D e 0. 538 

Maximum local wall angle, X max , deg 8. 37 

Location of maximum local wall angle, percent L^ 50 

Equivalent conical half- angle, deg 1. 33 

Surface contour Cubic 


Centerbody 


Ratio of centerbody length to diameter, L c /D c 1.0 

Surface contour Ellipse 

Ratio of centerbody length to diffuser length, L^L^ 0. 744 

Ratio of centerbody diameter to diffuser- exit diameter, D /D ... 0.40 

C 6 


a The DAC- 1 contour was developed by the Douglas Aircraft Co. and is 
given by 



TABLE II. - CIRCUMFERENTIAL 
VARIATION OF LENGTH 


FOR SCOOP INLET 


Circumferential 

position, 

deg 

Ratio of inlet length 
to diffuser- exit 
diameter, 
L/D e 

0 

1. 295 

30, 330 

1. 290 

45, 315 

1.266 

60, 300 

1.207 

90, 270 

.823 

100, 260 

.746 

105, 255 

.727 

113.64 to 246.36 

.716 


cn 











O Baseline 
□ Scoop 

Open symbols denote 0° angle of attack 
Solid symbols denote SO 0 angle of attack 



.4 .5 .6 .7 .8 .3 .4 .5 .6 .7 

Throat Mach number, M t 


(a) Free-stream velocity, V 0 , 0. (b) Free-stream velocity, Vq, 41 meters per 

second. 



.3 .4 .5 .6 .7 .8 

Throat Mach number, Mj 


(c) Free-stream velocity, Vq, 61 meters per 
second. 

Figure 5. - Aerodynamic performance of scoop and baseline inlets. 


Fraction of passage height, h/H 





Ratio of local to free-stream total pressure, Pj/Pq 

la) Free-stream velocity, V Q , 0. angle of attack, a, 0°. (b) Free-stream velocity, Vq, 41 meters per second; angle of attack, a, 0°. 

Figure 6. - Circumferential total-pressure distribution in tip boundary layer for scoop and baseline inlets. Throat Mach number, M t , 0,63. 
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Ratio of surface static to free-stream total pressure, p s /P Q 



Inlet 

Circumferential 




position. 








deg 

• 

Baseline 

0 

□ 

Scoop 

0 

o 



90 

A 



100 

O 



180 



(c) Free-stream velocity, Vn, 41 meters per second; angle of (d) Free-stream velocity, Vn, 41 meters per second; anqle of 

attack, a, 50°. attack, a, 75°. 

Figure 7. - Axial distribution of surface static pressure for scoop and baseline inlets. Throat Mach number, Mj, 0. 63. 
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0 


(a) Distribution of total pressure at inlet diffuser exit. 


Circumferential 



Axial distance, x, cm 
(b) Surface static-pressure distribution. 

Figure 10. - Performance of scoop inlet in 90° crosswind. Free- stream velocity, V Q , 
18 meters per second; throat Mach number, JVL, 0.63. 




Figure 11. - Comparison of noise directivity for scoop and baseline 
inlets. Free- stream velocity, Vq, 41 meters per second; angle of 
attack, a, 0°; throat Mach number, M t , 0.63; siren frequency, 
f s , 9600 hertz; filter frequency, f f , 8000 hertz. 



Figure 12. - Comparison of 1/3-octave noise spectra for scoop and baseline 
inlets. Free- stream velocity, V Ql 41 meters per second; angle of attack, 
a, 0°; throat Mach number, M t , 0.63; siren frequency, f s , 9600 hertz; 
microphone orientation angle, p. -60°. 
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Figure 13. - Effect of throat Mach number on scoop inlet noise re- 
duction. Free-stream velocity, Vq, 41 meters per second; angle 
of attack, a, 0 P ; siren frequency, f s , 9600 hertz; filter fre- 
quency, f fl 8000 hertz. 



Figure 14. - Effect of angle of attack on scoop inlet noise reduction. 
Free-stream velocity, Vq, 41 meters per second; throat Mach 
number, M t , 0.63; siren frequency, f s , 9600 hertz; filter fre- 
quency, ff, 8000 hertz. 



II 



Angle of 
attack, 
a, 
deg 
O 0 
□ 15 

O 30 


L . 

120 


Figure 15. - Effect of angle of attack on baseline inlet noise directivity. Free- 
stream velocity, V Q , 41 meters per second; inlet throat Mach number, M t , 
0.63; siren frequency, f s , 9600 hertz; filter frequency, ff, 8000 hertz. 
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